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RE7IIEw OF ADVANCED INORGANIC OXIDIZFRS 

Edward W. Lawless and Robert J .  Rowatt 

Midwest Research I n s t i t u t e ,  Kansas Ci ty ,  Missouri 

I. In t roduct ion  

I n  t h i s  Faper t h e  F r o p e r t i e s  and chemistry of advanced inorganic  oxid izers  
w i l l  be reviewed with emphasis on r e c e n t  developments. The c l a s s e s  of  compounds 
w i l l  be l i m i t e d  t o  t h e  cxyzen f l u o r i d e s ,  t h e  n i t rogen  f l u o r i d e s ,  t h e  n i t rogen  f l u o -  
r i d e  oxides ,  t h e  halogen f l u o r i d e s  and t h e  halogen f l u o r i d e  oxides .  I n  general ,  all 
%f t h e  zompoucds descr ibed  h e r e  a r e  h ighly  r e a c t i v e ,  t o x i c  mater ia l s ,  and very vola-  
t i l e  exceat  f o r  ion ic  d e r i v a t i v e s .  The growth of  chemistry involving 0-F, N-F and 
Cl-F comFounds has been remarkable: from about n i l  i n  1946 t o  over 1030 today. 

11. O.y:gen Fluorides  and Der iva t ives  

The reported oxygen f l u o r i d e s ,  t h e i r  d e r i v a t i v e s  and some of  t h e i r  prop- 
e r t i e s  a r e  summarized i n  Table  I. Oxygen d i f l u o r i d e  is  t h e  only b inary  compound of 
t? is  t p e  which 1s s t a b l e  a t  room temperature, b u t  02F2 i s  s t a b l e  below about -80% 
3 r d  i s  -,e11 cherac te r i -ed .  A reasonably good understanding has been gained r e c e n t l y  
o f  t h e  a?parent equi l ibr ium system O4F2 e 202F. 

The e x i s t e i c e  o f  O3F2 a s  a s e p a r a t e  e n t i t y  i s  i n  doubt, and t h e  natures  of 
t h e  repor ted  "O5F2" and "OgFg" a r e  q u i t e  uncer ta in .  
c i a l l y  a v a i l a b l e ,  while  t h e  o t h e r s  a r e  prepared by  e l e c t r i c a l  discharge a t  low tem- 
c e r a t u r e s  f r o n  aporopr ia te  O2-F2 mixtures .  

Oxygen d i f l u o r i d e  i s  c o m e r -  

The ; t r u c t u r e s  of  OF2 and 02F2 have been determined and a r e  compared i n  
Figure 1 with those  of  r e l a t e d  comnounds. The abnormally long 0-F d i s t a n c e  and t h e  
g r e a t l y  shortened 0-0 bond i n  02F2 have l e d  L i n e t t  t o  formulate i t s  s t r u c t u r e  a s  
z a v i r g  an e s s e n t i a l l y  f o u r - e l e c t r o n  0-0 bond ( a s  i n  02 i t se l f ,  1.21 1 bond length)  
szd a one-electron 0-F bond ( r e s o n a t i n g  between t h e  two p o s i t i o n s ) .  Dioxygen d i -  
f l u o r i d e  can, therefore ,  r e a d i l y  d i s s o c i a t e  a t  t h e  0-F bond t 3  g ive  F atoms and t h e  
s t a b l e  0 9  r a d i c a l :  

az3 i s  a n  extremely e n e r g e t i c  f l u o r i n a t i n g  agent .  
r e a c t i v e  than  f l u o r i n e  i tself  and f a r  more r e a c t i v e  than OF2. 
begins  t o  decompose near  23O0C and many of i t s  r e a c t i o n s  r e q u i r e  a c t i v a t i o n  by hea t  
or  l i g h t .  
of  0F2-02, F2-02 o r  F2-N20 mixtures  i n  a matrix,  a t  4'K, by t h e  decomposition of 
04F2 07 FSOpOOF, and i n  t h e  r e a c t i o n  of  CF4 with 02. 
d e t e c t e d  i n  t h e  gas o r  l i q u i d  phase d e s p i t e  an i n t e n s i v e  search .  

A t  low temperatures it i s  more 
The la t te r  compound 

The 02F- r a d i c a l  can b e  generated by u l t r a v i o l e t  r a d i a t i o n  o f  l i q u i d  OF2, 

The OF r a d i c a l  has  never been 

The reac t ions  o'f t h e  oxygen f l u o r i d e s  a r e  u s u a l l y  simple f l u o r i n a t i o n s ,  
b u t  oxygen addi t ion  by OF2 can occur e s p e c i a l l y  i n  aqueous s o l u t i o n  or i n  reac t ions  
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i TABLE I 
\ 

OXYGEN FLUORIDES AND DERIVATIVES f 
I P r o p e r t i e s  
f Decomp. 
' cotmound MI', O C  BP, 'C Temp. -- I9F d 

CF$( O)OF 

 SF^ OF 

c 103 OF 
II020F 

FS0200F 

Observed i n  PI2 o r  Ar matr ix  a t  4'R 
-223.8 -144.8 r~ 200 -249 l i q .  

-- 

-248 g 
-163.5 -57 dec.  -78 -865 

-825 
-- -191 -80 ext -183 

-- -159 tr, +84.2 t r  - - -  --  -- -62.5 

-86 
-175 
-167.3 
-158.5 

-21 
-21.5 
-35 
-45.9 
-15.9 
-31.3 
-50 ( e s t )  
-15 ( e s t )  

0 

-189 
-- 

-226 
-244.9, -36.2 

+S?,? db, -291.5 q t  
+84.i a b  of tr 

+97.4 ab of qt 
(CF3) 

('3'2) 
-291.6 tr of q t  - -- 

I n f r a r e d  

1028 
1740, 929, 909, 880, 
826, 461 
1024, 628, 463 

1519, 588 (04.F~) 
1494, 484 (02F.) 

- -  

-- 
1282, 1259, 1223, 

1300, 1270, 1150, 
950 q t  

1217, 945, 880, 679 

- -  

I' 

I 
19F chemical s h i f t  (ppm vs. CFC13=O) f o r  f l u o r i n e  of  -OF group. 
Pos i t ions  (cm-l) f o r  0-F s t r e t c h i n g  fundamental. 

\\ 

935, 888, 614, 585 
1760, l300, 920, 810, 708 
1298, 1049, 666 

1290, 1175, 955, 755, 725 
1380, 1285, 1235, 1175, 
740 

-- 

, 

'! 

w 
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Figure 1 - Comuarison of S t r u c t u r e s  of OF2, 0 9 2  and Related Compounds 
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irith some ni t rogen,  ch lor ine ,  o r  su l fur -conta in ing  m a t e r i a l s .  Dioxygen d i f luor ide i  
( o r  r;he 02F r a d i c a l )  undergoes t h e  f l u o r i d e  a b s t r a c t i o n  r e a c t i o n  wi th  s t r o n g  Lewis 
ac ids  a t  low temperatures t o  give ? t a b l e  dioxygenyl sa l t s .  Oxygen d i f l u o r i d e  under- 
goes a s i m i l a r  reac t ion  a t  e leva ted  temperatures .  

02SbF6 + F2 
200° , 20F2 + SbF5 

Although considerable  doubt now e x i s t s  about t h e  ex is tence  of t r ioxygen t r i f l u o r i d e ,  
t h e  t r i f luoromethyl  d e r i v a t i v e  CF3OOOCF3 i s  known a s  w e l l  as t h e  peroxide m300CF3. 
%e i u t h o r s  3re  pot aware of repor t s  of  t h e  simple e t h e r  (CF3)2O, although t h e  sul- 
, f ide (CF3)pS is  s t a b l e  a t  40OoC. 

111, Nitrogen Fluorides  and Derivat ives  

The reported n i t rogen  f l u o r i d e s ,  t h e i r  d e r i v a t i v e s  and some of t h e i r  
y - o g e r t i c s  i r e  summarized i n  Table 11. 

The NF molecule i s  known only a s  a r e a c t i v e  intermediate  which dimerizes 
r e a d i l y  t o  N2F2. 
wgon matr ix  a t  4OK and b j  pyro lys i s  of N2F4 a t  high d i l u t i o n  i n  argon a t  2550'K. 

It has been observed by f l a s h  photo lys i s  of t h e  NF2 r a d i c a l  i n  an 

The NF2 r a d i c a l  i s  wel l  es tab l i shed  t o  e x i s t  i n  equi l ibr ium with N2F4 i n  
-:.:logy t o  t h e  Pj204-T;02 equi l ibr ium 

N2F4 2*2 

The s t r u c t u r e  of LTF2 (N-F = 1.36 i; LFNF = 103') i s  c l o s e l y  r e l a t e d  t o  t h a t  of NF3. 
The i F 2  r a d i c a l  has fundamental s t r e t c h i n g  frequencies  a t  1074 and 935 cm-l i n  t h e  
i : f r x e d .  
:92*, which decomFoses t o  NT and F., bu t  may undergo unique r e a c t i o n s .  The reac-  
~ ~ 0 1 . s  of I92 a r e  discussed i n  t h e  s e c t i o n  on N2F4. 

I n  t h e  u l t r a v i o l e t ,  IF2 absorbs a t  260 mp to give  an e x c i t e d  r a d i c a l ,  

L. , 

Nitrogen t r i f l u o r i d e  i s  commercially a v a i l a b l e  and i t s  p r o p e r t i e s  a r e  
-;,x~'lL k.r.owr.. It has an a m o n i a - l i k e  s t r u c t u r e  with N-F = 1.37 1 and LFNF = 103'. 
Only 57 )..cal/mol a r e  r e q u i r e d t o  d i s s o c i a t e  a F -  atom from NF3, b u t  an average of 
7 1  kcal/mol a re  required f o r .  each of t h e  remaining two N-F bonds of t h e  s t a b l e  NF2 
rodic-:l. 
f luorir .a t icg ngent a t  e leva ted  temperature .  
t o  be  reported recent ly  is  t h a t  with f l u o r i n e  and Lewis ac ids  t o  g ive  s t a b l e  sal ts  
of t h e  I.5'4' ion .  

i 9 3  i s  r e l a t i v e l y - u n r e a c t i v e  a t  mild temperatures, but  func t ions  as a 
The most i n t e r e s t i n g  r e a c t i o n  of NF3 

NF4+AsF6 - e l e c t .  d i s c .  , 
I,IFFg + F2 + AsF5 -80" 

Difluorodiazine i s  now w e l l  e s t a b l i s h e d  t o  e x i s t  i n  t h e  cis and trans 
i coEer ic  formr. and t h e  n r o n e r t i e s  and s t r u c t u r e s  of  each a r e  known. 
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TABLE I1 

--Tn !;ILROG&Y FLUORIDES &!D DERIVATIVES 

!P, "c 

-- 
-2118.5 
-195 
-172 
-16.1 .: 

-132.5 " 

-166 
-160 

-15.1 

- -  
-116 * 3 
- 185 
-13 to 3 
( E t . )  

BP, "C 

--  
-129 
-1c5.7 
-111.4 

-73 

-59.9 
-72.5 

dec .  
(23.6 
-67 

nn 
-I; < 

-a5 

I9F NMR 

- -  
-142 
-129 

-88 
-58 

-479 
-393 
-363 
-65 

6 
- 1 4 1  

-- 

-- 

IR - 

1070, 931 
1331, 1010, 907, 642 
1524db, 952t r ,  896db, 737tr 
989 (1996m, 158lm, 1434m) 
1010, 998, 959, 946 

1844, 766, 521 
1793, 1312, 822, 742, 570 

-- 

1687, 887, 743, 528 
-- 

3193w, 1428db, 1280db, 978db 
920t r ,  853db, 694t r  

- -  

- 103 1350 
-144 (db . )  1521, 1504, 1128, 924, 518, 
-192 497 
-214.7 ( t r . )  1163, 611 
-331 1857, 1162, 905 

Otlicr d e r i v i t i v 5 s  inc lude  com~ounds o f  t h e  t y p e s :  
FSOz-, FSOSO-, CFsS-); F,(PFz), ( R  = Rf, a l k y l ,  anthracene, e t c . ;  X = 1-4); 
S-C(=iTF)-R'; and R - H ( O ) = I F .  

MNF2 ( M  = SI'S-, SFSO- ,  CF3SF4-, 

, 



The TI-F bond i s  lengthened over t h a t  i n  NF3 and t h e  N=N bond is  shortened compared 
t o  t i x t  (1.24 1) i n  N2(CH3)2. 
68 and 139 kcalfmol, respec t ive ly .  The trans N2F2 i s  conveniently prepared by re-  
Zction of N2F4 a t  10~7 pressure  with A l C 1 3  a t  -80". The trans form is  converted t o  
t h e  
?he N2Fp i s  obteined near ly  q u a n t i t a t i v e l y  by t h e  decomposition a t  20" of t h e  com- 
:>lox KF"HNF2 formed a t  -80°C. Difluorodiazine has  a l s o  been of fered  commercially. 

'TI?€ cis W2F2 i s  more r e a c t i v e  chemically t h a n  trans N2F2, but  both can a c t  a s  f l u o -  
rir.2ti.X a t e p t s .  
L d c r g o  cddi t ion  r e a c t i o n s .  Detonations, e s p e c i a l l y  with t h e  cis isomer, have oc- 
currcd upon eppl ica t ion  of high pressure .  
t ? x r c r t l y  fiot been reported.  
Lewis - c i d s  t o  give a s t a b l e  s a l t  of t h e  N2F+ i o n  

The N-F ar.d N=N bond energies  of t h e  trans form i s  

form i n  over 90% y i e l d  a t  75" i n  a wel l -passivated s t a i n l e s s  s t e e l  cy l inder .  

The so-ca l led  N=N double bond i s  unusual ly  i n e r t  and does not 

The f l u o r i n a t i o n  of N2F2 t o  N2F4 has 
%-N2F2 undergoes t h e  f l u o r i d e  a b s t r a c t i o n  with 

T!ic isomer a l s o  g ives  t h i s  r e a c t i o n  with SbF5. 

Tetraf luorohydrazine has  t h e  s t r u c t u r e  i n  t h e  gas  phase on t h e  l e f t  below 
(2 2nd 1 isomers) b u t  t h e  T y n r e t r i c a l  isomer on t h e  r i g h t  has  a l s o  been observed i n  
the l i ? u i d  a t  101; temperature. 

i;-F Ii-11 1.53 1.39 8, 8, F a  I?@" 

L WTF 102O 
diiiedral angle 69" 

L F'NF 104' F F 
.. F 

19F iMR -65.2, -53.2, -60.4 6 
(ill IF3 a t  -155") 

-44.0, -31.9 $ 
, 

Thc 2b:bnormally long N-N bond (compared t o  1.45 
cpcr ,3  ( 2 5  kcalfmol) and N2F4 e x i s t s  i n  equi l ibr ium with s t a b l e  NF2 r a d i c a l s .  
T t t rz f lucrohydraz ine  has been a v a i l a b l e  commercially s i n c e  1960 and i t s  reac t ions  
.?-.-c becr. s t u d i d  i c t e n s i v e l y .  It e n t e r s  i n t o  a t  l e a s t  f i v e  types of  reac t ions :  
(1) normal 192 r a d i c a l  r e a c t i o n s  inc luding  a d d i t i o n  t o  o l e f i n s  o r  a second r a d i c a l ,  
x d  - ibstract ion r e a c t i o n s ;  ( 2 )  exc i ted  NF2 r e a c t i o n s  r e s u l t i n g  from photo lys i s  a t  
obont 265' w; ( 3 )  f l u o r i n a t i o n  ( o x i d a t i o n )  r e a c t i o n s ;  ( 4 )  reduct ion  reac t ions ;  
( 5 )  f l u o r i d e  a b s t r a c t i o n  r e a c t i o n .  Exmples  of  each are i l l u s t r a t e d  i n  Figure 2. 

It can be prepared by 
electric discharge at--19€i0 i n  mixtures of NF3 and 02 or  OFg, by the flame f l u o r i -  
:.ztior. of I;O i r i th  f a s t  quench, o r  more convenient ly  a t  25O by  t h e  f l u o r i n a t i o n  of 
ii0 with F2 photochemically o r  with c e r t a i n  metal hexafluorides  such a s  I rF6.  The 
IZ3O hos a t e t r a h e d r a l  s t r u c t u r e  i n  which t h e  N-F and N + 0 bonds a r e  s l i g h t l y  

i n  N2H4) has  a low d i s s o c i a t i o n  

Trifluoramine oxide, IIF30, w a s  r e p r t e d  i n  1965. 
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weaker than those  i n  NF02. 
undergoes t h e  f l u o r i d e  a b s t r a c t i o n  r e a c t i o n  w i t h  s t r o n g  Lewis ac ids ,  t o  g ive  s a l t s  
such as E7?20+AsF6-, and adds t o  p e r f l u o r o o l e f i n s  (under BF3 c a t a l y s i s )  t o  g i v e  s t a b l e  
RfONF2 compounds. 

The W3O has good thermal  and hydro ly t ic  s t a b i l i t y ,  b u t  

It apparent ly  r e a c t s  slowly wi th  NO t o  g i v e  NOF. 

Difluoramine has  an ammonia-like s t r u c t u r e  with t h e  fol lowing parameters: 
N-H, 1.03-1.08; N-F, 1.38; FNF, 103', HNF, 102'; d i p o l e  moment, 1.93 D. It i s  
b e s t  prepared from d i f l u o r o u r e a  (which i s  obtained by aqueous f l u o r i n a t i o n  of u r e a )  
by  t reatment  with H2SO4 a t  90' o r  by t h e  r e a c t i o n  of  N2F4 with CgHgSH a t  50'. The 
HNF2 i s  s t a b l e  and  can be s t o r e d ,  b u t  t h e  u s u a l  procedure i s  t o  genera te  it as 
needed and pass  it d i r e c t l y  i n t o  a r e a c t i o n  v e s s e l ,  s i n c e  it has a tendency t o  ex-  
plode when f rozen .  The r e a c t i o n s  of HNF2 a r e  u s u a l l y  complex, bu t  it undergoes 
t h r e e  genera l  types of  r e a c t i o n s  as follows: ox ida t ion ,  f o r  example with aqueous 
&e+3 s o l u t i o n  t o  give N2F4 (perhaps t h e  NF2- i o n  i s  involved);  reduct ion,  as i n  t h e  
r e a c t i o n  with aqueous H I  t o  g ive  NH4F and HF; complex formation with e t h e r s ,  Lewis 
ac ids ,  2nd meta l  f l u o r i d e s .  

Chlorodifluoramine ClNF2 i s  w e l l  known, C12NF and BrNF2 are known as un- 
s t a b l e  compounds, and t h e  o t h e r  halogen f luoramines appear t o  be  very  uns tab le .  
The CLNF2 ( o r  BrNF2) can b e  prepared by t h e  r e a c t i o n  of  aqueous NaOCl ( o r  NaOBr) 
with N,N-difluoroureas or N,N-dif!luorosulfuryl amide. 
r e a c t i o n  of CLF with C l N 3  a t  25'C o r  w i t h  N a N 3  a t  0 ' .  
s o c i a t e s  r e a d i l y  t o  g i v e  C1 atoms and NF2 r a d i c a l s  (which def ines  t h e  r e a c t i o n  
chemistry)  whi le  C 1 2 N F  i s  explos ive ly  uns tab le  i n  t h e  l i q u i d  s t a t e .  

The C 1 9  i s  prepared by t h e  
The CUW2 i s  s t a b l e  b u t  d i s -  

A f e w  remaining N-F compounds such a s  NF2NO and N3F a r e  o f  l i m i t e d  i n t e r -  
est, b u t  a number of  inorganic  compounds and a hos t  of organic  compounds have been 
prepared i n  recent  years  i n  which NF2 groups may be regarded as s u b s t i t u e n t s ,  e.g., 
SF5NF2, C(NF2)4, C(NF)(NF2)2, CF3ONF2 and CFzN(O)=NF. 

A summary of t h e  in te rconvers ions  of t h e  n i t rogen  f l u o r i d e s  i s  found i n  
F igure  3. 

, 
Chlorine Fluorides  and Rela ted  Compounds 

The halogen f l u o r i d e s  o f  prime i n t e r e s t  a s  propel lan t  ox id izers  have been 
C@,CLF5, C103F and BrF5, b u t  a number of o t h e r  halogen f l u o r i d e s  have been s tudied.  
P r o p e r t i e s  of halogen f l u o r i d e s  a r e  summarized i n  Table  111. 

Chlorine monofluoride appears t o  have cons iderable  i o n i c  c h a r a c t e r  as re- 
f l e c t e d  i n  t h e  The C1-F bond 
d i s t a n c e  is 1.63 d, t h e  d i p o l e  moment, 0.88 D, t h e  b n d  d i s s o c i a t i o n  energy, 60.4 
kcal/mol, and t h e  h e a t  of formation,  -13.5 kcal/mol. 
r i n a t i n g  agent .  It r e a c t s  wi th  f l u o r i d e s  such as CsF o r  NOF t o  g ive  Cs+CLF2- and 
NO+ClF2-, respec t ive ly ,  and has  been repor ted  t o  r e a c t  with t h e  Lewis a c i d  AsF5 t o  
g ive  Cl+AsF6- but s u b s t a n t i a t i n g  evidence i s  lacking. The high v o l a t i l i t y  of C L F  
(b.p. - 1 O O O C )  suggests  t h a t  l i t t l e  o r  no a s s o c i a t i o n  o r  s e l f - i o n i z a t i o n  ( t o  C l f  and 
C U P -  i o n s  o r  t o  C12F' and CLF2- i o n s )  exists, b u t  t h e  e l e c t r i c a l  conduct iv i ty  i s  
h i g h e r  t h a n  t h a t  o f  CLF3.' 

NMR chemical s h i f t  of  @ = +441 ppm (vs. CFC13). 

The CLF i s  an energe t ic  f luo-  

Chlor ine  monofluoride i s  prepared by r e a c t i o n  of C u 3  ana 
c12. 
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Figure 3 - Interconversion of Nitrogen Fluor ides  
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T A B U  I11 

Compound 

C102F 

~ 1 0 ~ ~  , 

PROPERTIES OF HALOGEN FLUORIDES AND DERIVATIVES 

IR - NMR M P ,  O C  BP, "C - 
-154 5 

- 7 6 . 3  
-103 f 4 

8.0 
-60.5 

8.5 
4 . 8 5  

above -115 

-146 

4.5 

,100.8 

-14 
127 

11.75 

40.0 
97 .O 

4 (1 atm.) 

-6 

-46.8 

440 
-14(a) ,  -123(e) 
-412(a), -247(e) 
39  
-132( e )  
-53(a) ,  - 4 ( e )  
-177 (-168) 

-329 (330) 

-287 

793, 705 
761, 746, 713, 694 
706, 732, 541, 486 
674, 613, 384, 300 
683, 644, 587, 369 

670, 547, 426, 368, 
250 
1270, 1255, 1104 (pqr )  
632, 548 
1315-1300, 725, 717, 
714, 550 

710, 640, 318 c 

-- 

- a T r i p l e  poin t  6.4. 

Chlorine t r i f l u o r i d e  i s  u s u a l l y  descr ibed as having a T-shape, bu t  i s  b e t -  
t e r  regarded as a t r i g o n a l b i p y r a m i d  d e r i v a t i v e .  The two a p i c a l  C1-F bonds a r e  
e longated (1.70 1) compared t o  t h e  e q u a t o r i a l  C1-F bond (1.60 A ) .  The bond angles 
are 87.5' and 175' .  
f u r t h e r  downfield (-145.6 @) t h a n  t h e  e q u a t o r i a l  f l u o r i n e  -19.7 @. I n  l i q u i d  ClF3 
(wi th  HF c a r e f u l l y  removed) t h e  resonances a r e  -159.0 and -21.8 6 .  The high d ipole  
moment determined with t h e  l i q u i d  (1.00-1.03 D )  compared t o  t h a t  i n  t h e  gas (- 0.6 D )  
suggests corn i d e r a b l e  i n t e r a c t i o n  and t h e  r e l a t i v e l y  low v o l a t i l i t y  (b .p .  12') con- 
firms t h i s ,  b u t  t h e  e l e c t r j c a l  conduct iv i ty  shows t h a t  t h i s  i n t e r a c t i o n  i s  essen- 
t i a l l y  not i n  t h e  form of s e l f - i o n i z a t i o n  t o  CLF2+ and ClF4- i o n s .  
some dimer iza t ion  i n  t h e  gas  has  been suggested.  However s t a b l e  s a l t s  o f  both of  
t h e s e  ions  a r e  known, e . g . ,  Cp2+SbF6- and Cs+ClF4-. 
merc ia l ly  a v a i l a b l e  i n  q u a n t i t y ,  being prepared by f l u o r i n a t i o n  of c h l o r i n e .  
an extremely vigorous f l u o r i n a t i n g  agent ,  bu t  can i n  t u r n  b e  f l u o r i n a t e d  t o  ClF5 
under pressure .  Moisture conver t s  CLF3 t o  C102F and C102. I 

The l 9 F  NMR of  gaseous CLF3 shows t h e  a p i c a l  f l u o r i n e s  t o  be  

Evidence f o r  

Chlor ine t r i f l u o r i d e  i s  com- 
It i s  

Chlorine p e n t a f l u o r i d e  i s  t h e  newest member o f  t h e  halogen f l u o r i d e  family 
It i s  and has  very r e c e n t l y  become a v a i l a b l e  commercially i n  labora tory  q u a n t i t i e s .  

prepared by t h e  high p r e s s u r e  f l u o r i n a t i o n  of  ClF3 o r  a s a l t  such as CsClF4 a t  150' 
o r  above. 
r a d i a t i o n  or e l e c t r i c  d i scharge  a t  low temperatures and by platinum hexafluoride.  
The s t r u c t u r e  of CU5, a square  pyramid, i s  a n  oc tahedra l  d e r i v a t i v e  with t h e  a p i c a l  
C1-F bond length  of 1.62 1 and t h e  e q u a t o r i a l  bonds 1 .72  A .  The I9F chemical s h i f t s  
a r e  -412 $ ( a p i c a l  f l u o r i n e )  and -247 6 ( b a s a l  f l u o r i n e s ) .  The former i s  one Of the  
most unshielded f l u o r i n e  atoms known, be ing  exceeded only by t h o s e  i n  F2, 02F2, and 
NOF. 
l i t t l e  i n t e r a c t i o n  exists i n  t h e  l i q u i d  and s e l f - i o n i z a t i o n  i s  n o t  expected. 
C-4' i o n  i s  a n  i n t e n s e  peak i n  t h e  mass spectrum and t h e  p o s s i b i l i t y  of  obtaining 

It has a l s o  been prepared by t h e  f l u o r i n a t i o n  of CLF3 under u l t r a v i o l e t  

The d i p o l e  moment is probably 0.2-0.4 D. The b o i l i n g  poin t  i n d i c a t e s  very 
The 



117. 

s t a b l e  s a l ~ s  s.<ch a s  C L F ~ + S ~ F ~ -  appears reasonably good. 
ion  t o  cws t o  give c P 6 -  does not appear l i k e l y  (although BrF6- S a l t s  have been re- 
por ted)  c ince t h e  ch lor ine  atom would be  pseudo-heptacoordinate and t h i s  type  o f  
coordine:lor i s  without precedence i n  elements of the second row of t h e  Periodic  
i a c l e .  

The a d d i t i o n  of f l u o r i d e  

n -  

m e  s t r u c t u r e s  of  ClF3, ClF5, and C103F have 'been determined and a r e  
c I. d.lot:n 'celov. 

l 
0 

D 

F F F 

The commercially a v a i l a b l e  higher  halogen f l u o r i d e s  a r e  BrF3, BrF5 and IFg, 
-.-:ti: IF7 21-nileble 03 s p e c i a l  o rder .  
z c l l y  vcr: sirnilor t o  C1F3 except t h a t  s e l f - i o n i z a t i o n  is  extensive i n  l i q u i d  BrF3: 

Bromine t r i f l u o r i d e  i s  s t r u c t u r a l l y  and chemi- 

2BrF3 BrF2' + BrF4- 

B r m i s c .  t r i f l u o r i d e  k c s  therefore  an except iona l ly  high b o i l i n g  poin t  (126' ) and 
c l x t r i s z l  conduct ivi ty .  
Stoble  o c l t c ,  of both t h e  BrF2' and BrF4 
I3rF2' t h e  complexes msy be f l u o r i n e  br idged r a t h e r  than t r u l y  ionic: 
f l u o r i d e  nr.d iodine pentef luor ide  a r e  a l s o  s t r u c t u r a l l y  s i m i l a r  t o  C l F 5 .  
icziz.2tior. occurs t o  an anpreciable  ex ten t  i n  IF5, b u t  f a r  less i n  BrF5. 

It i s  Zn e x c e l l e n t  solvent  f o r  many i o n i c  m a t e r i a l s .  
i o n s  a r e  known, but  i n  some ins tances  with 

Bromine penta- 
Self- 

. .  

21~5  IF^+ +  IF^- 
Stoble  s a l t s  have been repor ted  f o r  BrF4' and BrF6 

- 
a s  w e l l  a s  f o r  IF4'+ 

... ; p 6 - ,  bu t  s t r u c t u r z l  s t u d i e s  a r e  incomplete. Unlike BrF5 o r  CLF5, IF5 undergoes 
1'P;orinc exchange with HF: The BrF3 and BrF5 a r e  q u i t e  energe t ic  f l u o r i n a t i n g  
.?:;cr.t~. While IF5 i s  a considerably milder  f l u o r i n a t i n g  agent, it inf lames o r  forms 
C:T.~O;::.T mixturcr. with many organics .  
l.-.;:..t; 3.7 s::lfolane, bu t  f o r m s . c r y s t a l l i n e  complexes with c e r t a i n  oxygenated so lvents  
sa::; 2s ~i~:<r:.!c, 

It can be  d isso lved  i n  excess  of such so l -  

1odir.e hcgtzf luor ide  i s  formed b y  t h e  r e a c t i o n  of I F 5  with F2 a t  about 
157'. 
--d .... a : ~ ~ ~ ~ ~ ~ ~  i s  22.5 kczl/mol. 
::.-:I lji?;rmid, but  t h e  s t r u c t u r e  i n  t h e  s o l i d  i s  s t i l l  uncer ta in .  
A -  b ! . ~  

trLy of t i . c  l i c u i d  i s  a doublet  a t  lower temperatures, a s i n g l e t  a t  h igher  tempera- 
tcrc-2 bcce~;;c- of lwdraDole  e f f e c t s . )  The symmetrical s t r u c t u r e  of  IF7 gives  it an 
ertremcl;. skor t  (- 2 ' ) .  1i:;uid ra-ge (sublimes, 4.77'; t r i p l e  po in t ,  6.45'). 
rcectic:. of IF7 2s  e f l u o r i n a f i c g  agent a r e  much more vigorous than those  of  IF<. 
Wit?. str7r.g f l u o r i d e  acceptors  IF7 forms s a l t s  such a s  m6+AsF6-. No r e a c t i o n  t o  

The. d i s s o c i e t i o n  of IF7 t o  IF5 and F2 sets i n  a t  higher  temperatures ,  *300°, 
The s t r u c t u r e  of  IF7 i n  t h e  gas phase i s  t h e  pentag- 

The 19F NMR o f  
i s  ,? s i r ig le t  ( $  = -336 pFm) suggest iong intramolecular  eychange. (The spec- 

The 
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f o m  such s a l t s  as  cS+m8- have been repor ted ,  b u t  t h e  f l u o r i n e  exchange which occurs 
between W and IFj i n . t h e  gas phase may involve a H I F 8  o r  a IF#E'2 in te rmedia te .  

The halogen f l u o r i d e ,  oxides of major. i n t e r e s t  a r e  C102F and C103F, bu t  
Br02F, I@2F and IFSO ha>re .been charac te r ized .  
comercial l : :  a v a i l a b l e .  Chlory l  f l u o r i d e ,  C102F, i s  r e a d i l y  prepared by allowing 
ClFs o r  ClF5 t o  stand with excess  of a c h l o r a t e  or  c h l o r i t e  s a l t  i n  a Monel cy l inder :  

Only perchlory l  f l u o r i d e ,  ClO3F, .is- 

2CD3 + SI'iaC105 

C1F5 + 3iTaC102 

250 3 3C102F + 3NaF + Clg + 1.502 

250 > 2C102F + 3NaF + C12 + 02 

. 

me 02 and C12 a r e  removed a t  -80O.) m e  C102F i s  a l s o  formed by t h e  r e a c t i o n  of 
cLF3 or  C1Fg w i t h  t r a c e s  of  moisture ,  b u t  i s  i n  t u r n  r e a d i l y  hydrolyzed with addi-  
t i 0 2 2 1  water .  
mately t h e  same s t r u c t u r e ,  i . e . ,  a t e t r a h e d r a l  arrangement with an , 'electron p a i r  a t  
one apex. 
s t r u c t u r e  makes C102F an extremely r e a c t i v e  o x i d i z e r .  It i s  i n  t u r n  f l u o r i n a t e d  
only w i t t  d i f f i c : d t y  t o  ClF5. The C102F undergoes t h e  f l u o r i d e  a b s t r a c t i o n  reac t ion  
t o  g;:;c :;:;2i,le s a l t s  such as C102+AsF6-, but  e f f o r t s  t o  form such salts as Cs'ClF20; 
have not beer: successfu l .  Pyro lys i s  of C102F a t  300' and 
C1F acd 02 apparent ly  v i a  an in te rmedia te  ClFO s p e c i e s .  

. I  

,The C102F is  i s o e l e c t r o n i c . w i t h  PF3 and SF20 and should have, approxi- 

??le I9F AT4R shows t h e  f l u o r i n e  atom f a r  downfield, 6 = -332 ppm. This 

0.5 atm. pressure  gives  

Perchlory l  f l u o r i d e  has  a c losed t e t r a h e d r a l  s t r u c t u r e  with t h e  approxi-  
C1-F, 1.55-1.60 1; C1-0, 1.40 1, d i p o l e  moment 0.023 D. mate :xrometers :  

s i d e r a b l e  k i n e t i c a l l y  d'erived s t a b i l i t y  and it i s  r e l a t i v e l y  unreac t ive  a t  mild t e m -  
p e r a t u r e s ,  e.g., i t  does not  hydrolyze, o r  r e a c t  with sodium. 
p o t e c t  o x i d i z e r  f o r  most organics  a n d . a t t a c k s  many metals  i n  t h e  presence of mois- 
t u r e .  
s t a b l e  s a l t s ,  bu t  t h e  AlCl3-catalyzed r e a c t i o n  .of C103F with aromatics ( t o  give 
Arc105 compounds) l i k e l y  ivvolves  an in te rmedia te  ClO3 '  ion .  
CsF 2nd ClO3F has been e f f e c t e d  and C103F i s ' q u i t e  r e s i s t a n t  t o  f l u o r i n a t i o n .  
iX5, C103F is cocverted t o  NH4+ifHC103-, from which metal  s a l t s  such a s  KNIIClO3 ahd 
Kr,l.IClO3 can b e  prepared.  
r i $ e  i s  genera l ly  q u i t e  s o l u b l e  without r e a c t i o n  with o t h e r  ox id izers  and has a 
- smal l  (0.5-5 g / l i t e r )  s o l u b i l i t y  i n  organic  so lvents  and water .  

The 
shows t h e  f l u o r i n e  a t  fl = -287 ppm. The s t r u c t u r e  of  C103F gives  i t  con- 

Above 150' C103F i s  a 

Attempts t o  r e a c t  ClO3F with f l u o r i d e  acceptors  such as k F 5  have not  l e d  t o  

No r e a c t i o n  between 
With 

A l l  of  t h e s e  sal ts  a r e  shock s e n s i t i v e .  Perchlory l  fluo- 

Bromyl f l u o r i d e  SrO2F (formed by t h e  r e a c t i o n  K B r O 3  o r  BrO2 and BrF5 a t  
O f  t h e  re -  -59") i s  thermodynamically u n s t a b l e  and has been s tudied  very l i t t l e .  

por ted  i o d i n e  f l i io r ide  oxides ,  only IFSO appears t o  be  unequivocal ly  es tab l i shed  a s  
a molecular e n t i t y .  
o r  with g l a s s  and has a r e l a t i v e l y  low r e a c t i v i t y  because of t h e  near ly  oc tahedra l  
s t r u c t u r e .  The remaining i o d i n e  f l u o r i d e  oxides ,  IF30, I02F and I%F a r e  all white 
c r y s t a l l i n e  s o l i d s  and may not b e  molecular e n t i t i e s .  The "IF3O" and "I02F" can be  
prepared by react i r .g  1205 r e s p e c t i v e l y  with IF3 and F2. 
I02F arid IF5 e n d  t h e  03ser:red r e v e r s i b i l i t y  of t h i s  . r e a c t i o n  suggested t h e  i o n i c  
s t r i l c t u r e  I O 2  IF6- for IFQO. 
t h e  i o n i c  form, 102+TF262:, s i n c e  s t a b l e  . s a l t s  of both of  t h e s e  i o n s  a r e  formed. 

hydrolys is  slowly and- thus m a y ' i w f a c t  be  s t r u c t u r a l l y  analogous to  Cl03F. 

It i s  r e a d i l y  formed by reac t ion  of  IF7 with t r a c e s  o f  moisture 

The pyro lys i s  of IF30 gives  

The I0gF.may e x i s t  i n  a br idged form or poss ib ly  i n  

I' The ,103F (formed by f l u o r i n a t i o n  of per iodic  ac id  i n  HF) i s  repor ted  t o  undergo 
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